T h e term, equation o f differences, denotes the equation for the squared differences of the roots of a given equation; the equation of differences afforded a means of determining the number of real roots, and also limits for the real roots, of a given numerical equa tion, and was upon this account long ago sought for by geometers. In the Philosophical Transactions for 1763, W a r in g gives, but without demonstration or indication of the i mode of obtaining it, the equation of differences for an equation of the fifth order want ing the second term : the result was probably obtained by the method of symmetric functions. This method is employed in the ' Meditationes Algebraic©' (1782), where the equation of differences is given for the equations of the third and fourth orders wanting the second term s; and in p. 85 the before-mentioned result for the equation of the fifth order wanting the second term, is reproduced. The formul© for obtaining by this method the equation of differences, are fully developed by L a g r a n g e in the 4 Traits des Equations Numeriques' (1808); and he finds by means of them the equation of differences for the equations of the orders two and three, and for the equation of the fourth order wanting the second term ; and in Note III. he gives, after W a r in g , the result for the equation of the fifth order wanting the second term. I t occurred to me that the equation of differences could be most easily calculated by the following method.
equal to zero; the roots of the equation of differences thus become /32, y2, S2, &c., (/3-y)2, (f3-< $)2, (y-& )2, &c. The equation for the squares of the roots can be found without the slightest difficulty; hence if the equation of differences for the reduced equation of the order (n-1)is known, we can, by combining it with the equation for the squares the roots, form the equation of differences for the given equation with the constant term put equal to zero, and thence by the above-mentioned property of the Seminvariancy of the coefficients, find the equation of differences for the given equation. The present memoir shows the application of the process to equations of the orders two, three, four, and five: part of the calculation for the equation of the fifth order was kindly performed for me by the Rev. R. H a r l e y . I t is to be noticed that the best course is to apply the method in the first instance to the forms ( a, ..JJ cients (or, as they may be termed, the denumerate forms), and to pass from the results so obtained to those which belong to the forms b, . .'fv, 1)"= 0 , or standard forms. The equation of differences, for (a -/3)2, &c., the coefficients of which are seminvariants, naturally leads to the consideration of a more general equation having for its roots (a _ |3 )2 (x-yy)f (x-'byf, &c., the coefficients of which are covariants; and in fact, when, as for equations of the orders two, three, and four, all the covariants are known, such covariant equation can be at once formed from the equation of differences; for equations of the fifth order, however, where the covariants are not calculated beyond a certain degree, only a few of the coefficients of the covariant equation can be thus at once formed. At the conclusion of the memoir, I show how the equation of differences for an equation of the order n can be obtained by the elimination of a single quantity from two equations each of the order n -1; and by applying to these two equations the simplification which I have made in B e z o u t 's abridged method of elimination, I exhibit the equation of differences for the given equation of the order n, in a compendious form by means of a determinant; the first-mentioned method is, however, that which is best adapted for the actual development of the equation of differences for the equation of a given order.
The equations successively considered are (a, b, c 1)2= 0 , ( a, b (a, b , (a, b, c, d , e,f% v , 1)5= 0 .
The equation of differences for the quadric, and that for the squares of the roots, are considered to be known, and the other results are derived from them : it will be con venient to write down in the first instance the results for the quadric, the cubic, and the quartic equations, and then explain the process of obtaining them. 
The multiplication of the equation of differences and the equation for the squares of the roots of the quadric equation, gives the equation, 0 = a4X
where all the coefficients except the last are reduced to zero by the operator cbd, and they are consequently (without any alteration) coefficients of the equation of differ ences of the cubic equation: the last coefficient is not reduced to zero by the operator, and requires therefore to be completed by the adjunction of the terms in (the series, here and in every other case, is of course a finite one, the number of terms might easily be calculated a priori). Let the value be L0-f L^-J-L2^2+ &c., we have L0= + 4 a c 3-1 5 V ; and putting for shortness V ;= 3&d6-|-2$Bc, the operator which reduces this to zero is we ought therefore to have and consequently for the last coefficient the value above written dow n; it will be pre sently seen how in more complicated cases the calculations should be arranged. Again, multiplying together the equation of differences and the equation for the squares of the roots of the cubic equation, we obtain an equation which it is not neces sary to write down, as it can be at once formed by putting 0 = 0 in the equation of differences for the quartic equation.
And from the equation so obtained, by the adjunction of the terms in 0, we find the equation of differences for the quartic equa tion, viz. each coefficient is of the form L o + L 10 + L 202+ &c., where L0 is known, and such coefficient is reduced to zero by the operator
or putting for shortness V '= 4 a d 6-f-3&dc-f-20Bd, the operator W e have there fore
It is to be observed that the last coefficient of the equation of differences is the discri minant, and that the above method of calculating the coefficients of the equation of differences, as applied to the last coefficient, is nothing else than the method of calcu lating the discriminant given in my Fourth Memoir on Quantics.
The multiplication of the equation of differences, and the equation for the squares of the roots of the quartic equation, gives, in like manner, the equation of differences for the quintic equation, except as to the terms involving f \ and these are obtained as above, viz. each coefficient is of the form L0-j-L^-f-L^/*2 + &c., where L0 is known; such coefficient is reduced to zero by the operator 
or, what is the same thing,
and as an equation which should be satisfied identically, and which would therefore serve as a verification, V"M0+2<£M1= 0 ;
but as a verification was obtained by other means, the equations of this kind were not used for the purpose. I t may be interesting to give the actual calculation of one of the coefficients, say of coefficient 03 (which, with coefficient 0, was calculated by Mr. H a r l e y ).
Calculation of coefficient 02 in equation of differences for the quintic equation Terms of f involving e1. 
Terms of Lj f involving e2. Terms of L2 f 1 not involving e. Terms of L involving e\ Terms of L3 f 3.
And the required coefficient of (P is
All the coefficients were calculated in this manner, except the last coefficient, which was deduced from the known value of the discriminant for the standard form. 
A . It may be remarked, that if a/ is an imaginary cube root of unity, then the roots of the equation (1, 1, 1, 1, 1,  1)5= 0 are -1, a/, a/3, -a/, -a/3 The coefficients in the preceding equations of differences are functions of the seminvariants of the quantics to which they belong; for instance, in the case of the quartic, the coefficient of 0* is W e have thus two equations rational in s and 0, and the elimination between them of the quantity s leads to the required equation in 6. But it is proper to modify the form of the system; in fact the two equations are, as regards , the first of them of the degree n, the second of the degree n -1; but if we writê
.. (---------------
then each of the equations will be of the same degree n -1 in s. (5b, 4Oc+2Oa0, 120^+13000, 16O6+28O60+12a02, 8O/+2OO<?0+ 2 5 b^%s, 1)4= 0 , from which, if s be eliminated, we have the equation in 0. But to apply Bezouts method to the two equations each of the order n -1, which result from the equation of the nth. order 1)"= 0 . The process is as follows:-Suppose, in general, that s is to be eliminated from the two equations F s= 0 , G s= 0 , each of the order n 1; it is only necessary to form the expression 
